| BACKGROUND AND PURPOSE
Spontaneous acute intracerebral hemorrhage (ICH) is associated with devastating consequences, as evidenced by both high mortality and morbidity.
1 Blood pressure (BP) control remains the foremost approach to managing acute ICH. 2 However, controversy exists as to whether intensive BP lowering in acute ICH risks cerebral ischemia. 3 This is particularly the case if cerebral blood velocity (CBV) control mechanisms are altered by chronic hypertension or brain injury. Cerebral autoregulation (CA) provides a protective mechanism for the brain parenchyma from extremes of CBV change, with the risk of hyperperfusion or hypoperfusion in response to systemic BP changes. 4 A key limitation of large-scale randomized controlled trials has been the ability to provide mechanistic insight into CBV during the acute phase of hemorrhagic stroke.
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Importantly, focused metabolic studies examining BP reduction and risk of perihematomal hypoperfusion have not supported the hypothesis that BP reduction is associated with perihematomal ischemia, confirming the safety of early intensive BP treatment in acute ICH. 5 These findings concur with the intensive BP reduction in acute cerebral hemorrhage trial (INTERACT-2), which did not associate rapid BP reduction with worse clinical outcomes. 6 The INTERACT-2 study randomized patients to intensive-(target systolic BP < 140 mm Hg) or guideline-based (systolic BP < 180 mm Hg) BP management. TCD studies are highlighted in this review as they offer the advantage of understanding beat-to-beat dynamics of the relationship between cerebral pressure-flow with attention to fast and slow responses, thus providing mechanistic insights beyond comparable alternative imaging methods. Therefore, this review will focus on TCD studies of CA in the setting of documented acute ICH, and will report impairments in CA and the natural history of CBV changes following acute ICH.
| MATERIAL AND METHODS

| Study identification
Cochrane Collaboration methodology for meta-analysis reviews modified for observational studies (www.equator-network.org) was used. 
| Data extraction
The following data were extracted: (1) number of patients and controls; (2) sex; (3) age; (4) Tables S2 and S3 ) 8 and based on the meta-analysis of observational studies in epidemiology: a proposal for reporting (MOOSE) guidelines.
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Two independent reviewers (Jatinder S. Minhas and George Ghaly) undertook the methodological quality screening and data extraction of the included studies.
For the meta-analyses, the variables were compared in acute ICH patients vs control subjects. The software used was Review Manager 5.3 (RevMan 5) provided by the Cochrane Library. The analysis was performed using the fixed effects model; weighted mean difference was used for measurement data and 95% confidence intervals (CI) were used as the effect indicator for dichotomous variables. The heterogeneity assumption was checked by the χ 2 -based Q test.
3 | RESULTS
| General characteristics
Eight-hundred and thirteen publications met the search criteria and were evaluated ( Figure 1 ). The commonest reasons for exclusion were alternative imaging modality used (eg, CT, MRI, and NIRS), animal studies, subarachnoid hemorrhage patients, and neonatal hemorrhage.
Two further studies were excluded after initially meeting the eligibility criteria, as it was noted that PET and brain tissue oxygenation measurement, rather than TCD, were used. 5, 12 Overall, the eligibility criteria were met by seven controlled and one observational study (Table 1) . Two studies used the same dataset, 13,14 but both were included due to the different methods adopted for assessment of CA. Median score on the quality checklist was 10, range 9-11 (Supporting Information Table S3 ). This demonstrated areas of consistent incomplete reporting of previously published minimum acceptable methodological criteria for observational studies. 8 Patient numbers ranged from 12 to 114. All studies included patients in the "acute" (<72 hours) range, though five studies 13-17 also had measurements beyond 72 hours (chronic phase). Three studies provided measurements beyond 5 days, 14, 16, 17 with the longest measurement interval from index to follow-up being 30 days. 16 In all studies, except two, neurological outcome data were provided using the Studies provided varying detail for BP recordings, with three providing no data, three providing mean arterial pressure (MAP), and one providing systolic readings only.
| Cerebral hemodynamic parameters
Six of the seven studies provided CBV for each hemisphere separately, 13, 14, [16] [17] [18] [19] with three providing comparable healthy control CBV values. [16] [17] [18] All eight studies assessed [13] [14] [15] [16] [17] [18] [19] [20] cerebral hemodynamic measurements at rest. In one study, providing CBV data up to 30 days following ICH onset, it was reported that CBV in both the affected and unaffected hemispheres failed to return to control subject values at all assessed time-points until Day 30. 16 dCA assessed by TFA and mean flow correlation index (Mx), was impaired in the acute (<72 hours) period in most, 13, 16, 18, 20 but not all studies.
14 However, this latter study reported that a "secondary decline" in dCA more than 5 days post-ICH onset was associated with clinical features likely to be associated with poor prognosis, including hematoma volume and GCS. 14 A further study found an increase in pulsatility index (PI) was associated with larger hematoma volumes, possibly reflecting increased mass effect. intensive BP lowering is lacking. Finally, the included studies generally suffer from methodological heterogeneity, lack of control subjects, and relatively small numbers. Nonetheless, the homogeneity of the evaluated pathology (supratentorial hemorrhage of similar stroke severity) should be regarded as a strength. Overall, the methodological quality of each study was good and assessed using objective criteria. Therefore, there are important findings with respect to key hemodynamic measures. ) hemispheres compared to control ). 23 
| Cerebral blood velocity
| Pulsatility index
Previous studies have shown increased intracranial pressure and decreased cerebral perfusion pressure lead to characteristic changes in TCD waveforms-decrease in diastolic velocity and increase in PI. 
| Mean flow correlation index
In addition to dynamic indices of autoregulation, the time correlation index known as the Mx, which is based on correlation coefficients between BP and CBV, was also studied. Two studies assessed Mx in acute ICH. 14, 20 Interestingly, the first of the two studies provided neg- ) from ipsilateral and contralateral measurements FIGURE 3 Hypothesized influences of cerebral autoregulation and cerebral blood flow on the outcome of acute intracerebral hemorrhage days after ICH. However, data presented by Oeinck et al 13 difference at 4-6 days post-ICH onset was an independent predictor for clinical outcome. 16 More recently, the bilateral disturbance of dCA was confirmed at the 4-to 6-day period post ICH with larger hematoma volume being independently predictive of poorer CA status ipsilateral to the hematoma.
| Impaired autoregulation
This review highlights the complex interplay that exists between different markers of autoregulatory impairment. Crucially, there exists a variation of approaches to assessment of autoregulatory impairment leading to difficulties in interpreting the overall picture due to inherent heterogeneity. However, we can summarize that higher gain, 
